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This paper analyses the impact high-speed railway (HSR) lines have on touristic outcomes in NUTS2 
European regions. To do so, it employs a panel data two-way fixed effects methodology, regressing two 
dependent variables, tourist arrivals and average stays, on two main policy variables of interest, presence of 
HSR and number of lines in a region, and controls. In order to account for the possibility of endogeneity 
of the policy variables, this paper also considers a two-stage least squared instrumental variables approach. 
The data is provided by Eurostat and “Union Internationale des Chemins de fer” (UIC), covering 264 
regions across 20 years (2000-2019). The paper finds that the presence of HSR service and number of HSR 
lines in a region do not have a statistically significant impact on tourist’s arrivals and average stays, 
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 The transport sector represents a great component of the tourism’s system. The relationship 
between the transport provision and touristic demand has been highlighted and studied in depth in 
researches such as Chew (1987), Hall (1999) and Khadaroo and Seetanah (2007, 2008). The connection 
between the two sectors, thus, resides in transport being the tool which connects tourists from their origin 
to the touristic destination, by improving accessibility of specific areas (Xu et al., 2018; Della Corte et al., 
2013), as well as providing the mean for tourists to move once at destination. This implies that the 
expansion of any form of transportation, such as the development of high-speed railways (HSR), can have 
a significant impact on the overall performance of tourist locations.  
 
  The importance of exploring this topic is related to the policy opportunities created by providing 
predictions regarding the implications investments in this mode of transport can have. Consequently, the 
impact this growing network can assert on the tourism sector, as well as the possibilities linked to a 
considered combination of tourism and transport policy once evidence of the benefits are provided.  
Moreover, the relevance of this research on the topic lies in the growing network of connections which 
characterises this mean of transportation. The extension of connections, plans and ongoing building 
projects show the increasing popularity of the HSR network across the globe1. With China being the country 
with the largest HSR system, with 28 lines currently being planned or under construction, and more than 
100 already operating. Followed by Europe, with 99 routes planned or undergoing construction and 93 
already working. This recent growth, inserted in the European context, can be related to initiatives such as 
2021 being the European Year of rail2 as part of the European Green deal to achieve carbon neutrality by 
2050, as well as the TEN-T3 policy core network planned to be completed by 2030. The HSR connection 
across Europe comprises, to this day, 12 countries which include Austria, Belgium, Denmark, Finland, 
France, Germany, Italy, Poland, Spain, Switzerland, The Netherlands, and UK.  
 
 
1 Which consists of planned, in operation, and under construction projects and sees a total of 3665 lines in Africa, 11051 in Asia Pacific, 6195 in 
Europe, 511 in Latin America, 6215 in the Middle-East, and 949 in North America. From: High speed lines in the world 2021, Uic.org., viewed 1 
March 2021, <https://uic.org/IMG/pdf/20181001-high-speed-lines-in-the-world.pdf>. 
2 European Year of Rail – UIC - International union of railways. 2021, UIC.org, viewed 15 May 2021, <https://uic.org/year-of-rail/>. 
3 Trans-European Transport Network (TEN-T) - Mobility and Transport - European Commission. Mobility and Transport - European Commission. 2021. 
Viewed 3 March 2021, <https://ec.europa.eu/transport/themes/infrastructure/ten-t_en>. 
 4 
 
Figure 1: Source (UIC), U., 2021. High-Speed Database & Maps –  HSR European network4 
 
  The history of this network has its roots in the 1800s, although the speed we now consider as high-
speed (300 km/h) was reached in Europe in the 1950s, in a test run between Bordeaux and Morcenx in 
France 5. The high-speed service was offered to the public at a later date. In fact, the first step in the creation 
of the European HSR was taken with the birth of TGV between Paris and Lyon at a maximum speed of 
260 km/h in 1981. After the success represented by the introduction of the TGV, other European countries 
followed. Starting with Germany in 1988, Spain in 1992, Belgium in 1997, the UK in 2003 and The 
Netherlands in 20096, with an ever-growing channel of connections and improvement plans which are 
designed to progressively “offer sustainable mobility of people and goods within an area and without 
frontiers”7.   
  With the foundation of this new form of transportation, researchers began analysing the 
implications this would have on other modes as well as the impact on other economic sectors involved. 
The literature so far has focused on intermodal competition and on a mostly country based research 
regarding the introduction of HSR and the impact it has. The impact analysis on tourism outcomes 
approached from the country based research conducted so far, have discussed in depth the cases of Spain 
(Albalate and Fageda, 2016; Albalate et al., 2017; Guirao and Campa, 2016; Campa et al., 2016), China 
 
4 High-Speed Database & Maps – UIC - International union of railways. 2021, UIC.org, viewed 4 May 2021, 
<https://uic.org/passenger/highspeed/article/high-speed-database-maps>. 
5 The TGV celebrates its 30th birthday in Paris Gare de Lyon railway station – UIC Communications 2021, UIC Communications, viewed 25 May 2021, 
<https://www.uic.org/com/enews/nr/257/article/france-30-ans-du-tgv?page=modal_enews>. 
6 (UIC), U., 2021. High-Speed Rail History – UIC - International union of railways. [online] UIC - International union of railways. Available at: 
<https://uic.org/passenger/highspeed/article/high-speed-rail-history?recherche=history%20of%20HSR> [Accessed 15 May 2021]. 
7 Community guidelines for the development of the trans-European transport network 23 July 1996, The European parliament and of the council, 1996D1692 - 
EN - 10.09.1996 - 000.001- Section 3 pp. 6-7 
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(Wang et al., 2012; Yin et al.,2019; Gao et al., 2019), France (Bonnafous, 1987; Delaplace et al., 2016, 2016b) 
and Italy (Cascetta et al., 2013; Carteni et al., 2017; Pagliara and Mauriello, 2020) as well as, on a minor 
scale, researches on railway lines across borders and at country level analysis across Europe (Pagliara et al., 
2015; Delaplace et al.,2015; Pagliara et al., 2014; Castillo-Manzano et al.,2018). Although the results have 
been shown to vary depending on the case study analysed, the generalised intuition is that the introduction 
of the high-speed railway lines might not have the same positive impact on tourism outcomes as air 
transport services have (Bazin et al., 2006; Pagliara et al., 2015; Albalate and Fageda, 2016).   
 
  The contribution of this paper to the literature is to provide a broader as well as more 
comprehensive evaluation the impact that the introduction of HSR lines has on touristic outcomes across 
the NUTS2 regions in the European Union. The novelty of the research, specifically, is the use, for what 
concerns the cross-sectional dimension, of NUTS2 level regions across the entirety of Europe, studied 
between 2000-2019 with a two-way fixed effects model. To do so, this paper will focus on two main policy 
variables, a dummy variable for presence of HSR lines and a variable accounting for number of HSR lines, 
looking at the impact these have on two dependent variables for tourism outcomes, arrivals at touristic 
destinations and average stays. It will also address endogeneity concerns of the HSR variables, due to non-
random route placements, and possibly reversely correlated to tourism outcomes. The strategy followed to 
address this concern is to estimate the model with the use of instrumental variables in a 2SLS, based on 
HSR construction plans elaborated in the 90’s. The results of this analysis reflect a lack of statistical 
significance of the coefficients for the main policy variables of presence of high-speed railway lines and the 
number of lines in one region. Therefore, it does not find sufficient evidence of the contribution of HSR 
railways to tourism regional performance.  
 
This paper is organised as follows. The next section will start with a review of the literature giving 
the background information regarding the research that has been done in this field to understand the 
derived hypothesis for this research. It will then continue in section three with the empirical strategy. Firstly, 
with the description of the databases used to collect the information to perform the empirical research and 
the variables included, followed by the methodology implemented, the detailed model and its 
implementation. It will then describe and synthesise the results obtained and look at the robustness check 
conducted with the use of instrumental variables. Lastly, the final section will provide some concluding 
remarks, discussion on the results in light of the literature, and the policy implications derived from the 
outcome of the research. 
 
2. LITERATURE REVIEW  
The literature surrounding the research on High-Speed Railways includes a significant variety of 
perspectives, results, and niches within the subject. The literature is primarily divided into two branches of 
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research: intermodal competition and impact evaluation. The first field looks at HSR as an alternative form 
of transportation and its degree of substitution and complementarity to other means: these include the 
relationship with air transportation and airlines and the competition with private vehicles. The second deals 
with a broad part of the literature looking both at the macro-level with the impact on growth and regional 
development, the environmental impact and the increase of accessibility; as well as the micro-level, with 
the traveller’s behaviour impact and the derived consequences for specific economic sectors, such as 
tourism.  
2.1. Intermodal competition  
The research surrounding intermodal competition is relevant to this analysis because of the role 
that HSR has within the transportation sector. The effect HSR may have on the supply and demand of 
other means of transport, such as planes and private vehicles, ultimately can have an impact on tourism. 
When analysing this branch of literature, most researches focuse on the relationship with air transportation 
because of the wider set of data availability.  
Givoni and Dobruszkes (2013) conducts a review of ex-post evidence for mode substitution 
following the introduction of high-speed rail lines. By doing so, despite the existing evidence are heavily 
influenced by route-specific characteristics, results bring to the conclusion that in a 2-4 years period post 
HSR introduction, there will be an increase in demand by 10 to 20% and that the composition of the new 
passengers will be such that around 80% of the new HSR users will be people who previously used other 
modes of transport. The degree of substitution between conventional rail and high-speed is unclear, and 
between car travel and HSR is said to be dependent mostly on the accessibility of HSR stations. While the 
substitution from air transport appears from the overview to be the most affected in terms of transport 
shifting. 
Jiménez and Betancor (2012), similarly to Roman et al. (2007) and Gonzalez-Savignat (2004), study 
the Spanish case and the impact on air carriers, finding a significant increase in transport demand 
simultaneous to a decrease in the share of air transport. Jiménez and Betancor (2012), regresses, with an 
OLS model, the number of monthly operations of direct commercial flights between Madrid and 
destinations. The explanatory variable of interest being a dummy variable accounting for the entrance of 
HSR in a route, the estimate of which has a negative sign and is significant. Specifically, the results imply 
that after the entrance of the HSR in the route, there was a decrease in the number of monthly operations 
of direct commercial flights by 158.95 unit points. Nevertheless, when looking at total passengers, the 
introduction of HSR appears to have had a positive impact, implying an increase in transport demand.  
Behrens and Pels (2012), with a multinomial and logit model studying the London-Paris route, 
highlights differences between business and leisure passengers, concluding that the intermodal competition 
depends heavily on the trip purpose, precisely the standard deviation for the fare parameters being 
statistically significant for leisure trips and insignificant for business trips shows more heterogeneity in the 
leisure group in the valuation of average fare.  
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While, with a stated preference method, Park and Ha (2006) looks at the Korean case and finds 
HSR is the main source of demand reduction for air travel. Extending it to the impact on tourism this might 
imply a shift toward the HSR service rather than air transport.  
However, other results are also to be considered. Debruszkes et al. (2014) conducts an ex-post 
analysis on the impact HSR has on air services provision in Europe. With the use of a Tobit model, the 
authors identify the effect inflicted by the HSR travel time on air service as the only HSR-related statistically 
significant variable. Specifically higher HSR travel time translates into more air service, with a similar impact 
on both airline seats and number of flights. Similar results are identified in Debruszkes (2011). The analysis 
is conducted by considering 5 cases, the first one is such that the introduction of the HSR service leads to 
a complete discontinuation of the air service, passing on to an almost complete discontinuation, to a major 
decline, a decline more significant in terms of number of seats than of flights and, lastly, the introduction 
of the high-speed trains have not prevented an increase in air service. The author highlights how travel time 
is a key variable in the analysis of air service provision.  
Albalate et al. (2015) conduct an analysis across Europe. Specifically, modelling with a panel data 
regression two main variables of interest: the number of seats offered and the frequency of flights, with 
focus on a dummy variable accounting for high-speed train services. Results show that the dummy variable 
has a negative coefficient and is statistically significant; the interpretation of which suggests that HSR as a 
competitor to airlines does have an impact in reducing the number of occupied seats on planes. For what 
concerns frequency, however, the estimate is not statistically significant suggesting that air companies do 
not decrease the flight frequency. This would imply that, when including the impact on tourism of this 
competition, there might be an impact with the use of smaller planes. Additionally, if the two services are 
thought of as cooperating, HSR can be a source of redistribution of airport traffic (Givoni, Banister, 2006; 
Guirao and Campa, 2016; Zhang et al., 2019).  
As mentioned, HSR can represent a form of competition to private vehicles as well, the literature 
on this regard focuses on externalities derived from tourists (Martin-Cejas and Sanchez, 2010; Aguilo et al., 
2012), on HSR as an alternative choice in a logit model (Gonzalez-Savignat, 2004) and on studying the 
obvious competitor to HSR: motorways. In this regard, Borsati and Albalate (2020) analyse the case of 
Italy. The focus of the study is to test the impact of the HSR openings, as well as the impact of on-track 
competition, on the km travelled by light vehicles on adjacent motorways. To do so, the research uses a 
difference-in-difference approach with two regressions of km travelled by light vehicles and focusing 
respectively on a variable accounting for opening of a full HS line adjacent and a variable accounting for 
the on-track competition between incumbent and new operator. The regressions show a positive coefficient 
for both main variables of interest. Specifically, focusing on the first one, the estimate for openings is 
statistically significant, an increase by 10% of HSR length increases by 0.41% the km travelled by light 
vehicles. These findings suggest an increase in demand for HSR but no evidence of this being due to shift 
from motorway use.  
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2.2. HSR and tourism  
When examining the consequences of investments on HSR, the branch of the literature relevant 
to this analysis is the one focusing on the relationship between HSR and tourism. In this regard, the 
channels of impact and the differences in results depend strongly on the country observed.  
A large part of the literature on this topic covers the Spanish case. Albalate and Fageda (2016) 
study how the change in provision of HSR affects tourism outcomes, with a difference-in-differences two-
way fixed effects model regressing tourism outcome on a vector of time-varying covariates, a policy dummy 
as well as province and year specifics. Aligning with the first part of the literature analysed, the authors also 
include two variables to account for airport traffic of the province. These variables have an important 
implication on the outcome of the research, in fact the results highlight a non-consistently positive impact 
of HSR on tourism.  
Comparable results are also identified in Albalate et al. (2017), which follows a similar econometrics 
approach, as well as an additional panel data model. The paper studies tourism inflow, number of visitors 
(total number of overnight stays, average stay per visitor, and occupancy rate) in the different Spanish 
provinces and the impact of HSR provision on these. Results find the variable accounting for the impact 
on tourism from HSR to have both positive and negative impact although insignificant, and that airport 
enlargement seems to have a more relevant impact on tourism, a 15% effect precisely. Moreover, Guirao 
and Campa (2016) studies the inverse cross effect, the results highlight the presence of no evidence of the 
influence of new HSR connections on the number of travellers for what concerns foreign tourists and no 
evidence of influence of the new HSR connection on the overnight stays in any province. However, Campa 
et al. (2016), finds otherwise. With a multivariate panel analysis at the provincial level, they study the number 
of domestic tourists, number of foreign tourists and total foreign tourist revenue. This analysis reveals, as 
opposed to the previously mentioned, the dummy variable for HSR to be significant and playing an 
important role for the arrival of the foreign tourism, while for domestic tourists it is not significant. This 
highlights the implications of the use of different methodologies.  
Another part of the literature worth mentioning is the one which looks at the Chinese case. As 
opposed to what the results for Spain highlight, the outcome of the research, as mentioned Wang et al. 
(2012) and Yin et al. (2019) find optimistic results. The latter is particularly interesting because of the 
analysis on the impact which differs depending on the size of the city, aspect which is analysed by part of 
the literature finding important implications (Urena et al., 2009; Bazin, 2013; Varela et al., 2016; Albalate et 
al., 2017). Yin et al. (2019) look at tourism spatial interaction (TSI) and the effects of HSR on it, studied 
with a gravity model. Results find a positive impact of the HSR network on TSI expected to have an increase 
by 20.3% between 2017 and 2022. Similar conclusions are reached by Gao et al. (2019). The paper studies 
the impact of HSR on tourism growth in China, using a panel model from 2004 to 2015 and a difference 
in difference method. The authors find that HSR connection is associated with increase in tourists arrivals 
but with a reduction in tourist revenues, potentially due to the type of tourism HSR attracts (Cascetta et al., 
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2011; Gutierrez and Ortuño, 2017). Zhang et al. (2020) then shows HSR improves tourism firms’ value by 
increasing the population of tourists.  
A significant branch of the research in this field also focuses on the case of France. An important 
contribution to the research was made by Bonnafous (1987). The paper studies the regional impact of the 
TGV, the French high speed train service, focusing on tourism and service industries. The author looks at 
traffic growth between 1980-1985, the modal distribution, then, by using survey data, at the time spent 
away from home, at the journey purpose and at the percentage change in the travel for each purpose. The 
results highlight a decrease in the number of overnight stays, while smaller towns see a positive increase in 
incoming tourists. Delaplace et al. (2016) analyses the effect HSR has on destination choice. In order to 
approach the research, the authors use a logistic regression looking at two theme parks, one more accessible 
by HSR. Surveys show how in one 46% of visitors use the HSR service, while in the other one 14%. 
However, the analysis concludes the absence of a good connection to the HS line had no impact on the 
choice of the theme park. Delaplace (2012b) looks at the impact HSR innovation has depending on city 
size both on enhancing the presence of the service as well as to limit its possibilities.  
Lastly, we also find a great part of the literature, due to the characteristics of the HSR line across 
the country, dedicated to the case of Italy. Cascetta et al. (2013) studies the demand for HSR service with a 
before and after analysis. Focusing on trips between the main cities connected by the line (Naples, Rome, 
Florence, Bologna, Milan and Turin) in the period between 2009-2011 the service has found to have a 
significant increase in demand of 40%, while air transportation has maintained constant shares. Carteni et 
al. (2017) studies the case of Italy looking at the hedonic value of the HSR service compared to other forms 
of transportations and investigates the tourist attractiveness of cities and what this is due to. With a 
perceived choice model, the study finds that the willingness to pay for HSR service is 40% higher than for 
a traditional train and that transport accessibility plays an important role in defining city-specific 
attractiveness, about 45-54% in weight. Pagliara and Mauriello (2020) studies the impact of HSR on tourism 
with a geographically weighted Poisson regression and identify an increase in the value of the HSR 
coefficient increases between 2007 and 2016 for both national and international tourists, however, a greater 
increase for national (65%) as opposed to for international (35%). 
Aside from these broader sections of the literature, Jou and Chen (2020), looking at Taiwan, finds 
that in some stations HSR may have an impact in boosting tourist arrivals. Other studies also look at 
international travelling. Looking at preferences and choices as Delaplace et al. (2014) and Pagliara et al. 
(2015), respectively on the Rome-Paris and Madrid-Paris lines find that, even though there are slight 
differences depending on the country, the presence of the HSR does not have a particularly significant 
impact. Castillo-Manzano et al. (2018), with a panel double fixed effects estimation study the case of the 
EU considering 28 countries between 1996 and 2004. The regression considers total number of tourists 
and the mean duration of their stays as dependent variables regressed over time variants controls, high 
speed rail, air passengers, population, GDP and weighted harmonised index of accommodation service 
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prices, country and time fixed effects. When comparing air transportation and HSR, and their impact on 
tourism, they find HSR has a negligible role. 
From this overview of the existing literature on the topic, we can observe how there is a significant 
amount of research focusing on a country base and missing a broader analysis and overview of the impact 
HSR has on tourism across the EU. The latter mentioned paper, Castillo-Manzano et al. (2018), represents 
an initial approach to the analysis. However, this research will represent a contribution by conducting a 
comprehensive study of the impact HSR has on tourism across Europe at NUTS2 level in a panel data 
framework.  
 
3. EMPIRICAL STRATEGY 
3.1. Dataset and data sources  
The analysis focuses on the European Union8. The comprehensiveness of this research represents an 
extension to the literature, which so far has mainly focused on specific countries as single case studies.  
The study is constructed as a panel data set and, as such, the overall unit of observation is the 
region-year pair. The geographic units of measure, which concern the cross-sectional aspect, are the NUTS2 
regions according to the latest definition9. The NUTS definition in terms of borders, classification and code 
names, is updated every three to five years. This analysis has collected data from the first changes 
implemented in 1995 until the latest change applied in the 2016-2021 version, which have made it necessary 
to take specific decisions on the considered delimitation of part of the included regions for the whole time 
dimension of the panel10. With these considerations regarding the division of the examined cross-sectional 
units, the regions considered are, overall, 264 (see appendix table A1 for the detailed list and NUTS codes). 
For what concerns the time series dimension, the research is conducted by looking at a time frame of 30 
years, from 1990 to 2019, however, due to missing data for part of the variables included, the analysis will 
be restricted to a 20 years period from 2000 to 2019. The choice of yearly observations is due to data 
availability but, focusing on years, can also be considered to solve possible problems of seasonality due to 
peak tourist season in specific locations.  
The main source used to collect information regarding the NUTS2 level data included in this 
research is Eurostat with the addition of the “Union Internationale des Chemins de fer” (UIC) database 
 
8Countries included: Belgium, Bulgaria, Czech Republic, Denmark, Germany, Estonia, Ireland, Greece, Spain, France, Croatia, Italy, Cyprus, Latvia, 
Lithuania, Luxembourg, Hungary, Malta, The Netherlands, Austria, Poland, Portugal, Romania, Slovenia, Slovakia, Finland, Sweden, Iceland, 
Liechtenstein, Norway, Switzerland and UK. 
9History of NUTS - NUTS - Nomenclature of territorial units for statistics – Eurostat 2021, Ec.europa.eu, viewed 1 March 2021, 
<https://ec.europa.eu/eurostat/web/nuts/history>. 
10 The region of Sachsen, Germany, considered as a region with no further divisions due to internal boundary shifts. The cases of Bulgaria, Croatia, 
and Finland considered only divided into two regions. Ireland, Cyprus, Latvia, Lithuania, Malta and Luxembourg considered each one of them as 
one region either due to missing data or because of boundary shifts. The case in France in which the “territories d’autre mar” are considered all 
together. And, lastly, the cases of Poland, in which the region of Warsaw and surroundings considered as one, and of London considered as one. 
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used to gather the information regarding the specifics of the HSR lines, their date of inauguration and their 
speed. The UIC generates databases providing information regarding lines, rolling stock, traffic, and maps; 
precisely, HSR lines with their characteristics, the rolling stock owned by the high-speed operators across 
the world, its traffic and maps regarding the lines under construction11. Alongside these, to conduct the 
analysis websites of the country level HSR service providers were used to identify the routes and locations 
of the stations in each region within each considered country as well as the specific date of inauguration 
when missing in the previous dataset.  
3.1.1. Variables  
The analysis considers two dependent variables. First, we include the total yearly number of 
Arrivals at tourist destinations. The variable accounts for the absolute number of tourists reaching the 
region, measured as the number of arrivals at tourist accommodation establishments by NUTS2 regions12. 
Secondly, is considered the average stays or number of mean pernoctations at tourist accommodation 
establishments by NUTS2 regions13. This specifically measures the duration of a visit as opposed to the 
number of visits. The latter has been considered in the literature as the mean duration of stays in the case 
of Albalate and Fageda (2016), Castillo-Manzano et al. (2016) as well as in Guirao and Campa (2016). These 
two variables are regressed on a set of covariates based on the literature. 
 
The first and most relevant variables for this analysis are those related to High-Speed rail 
availability. These variables measure the establishment and years of operation of the HSR services and their 
characteristics. Starting with the main policy variable of interest, this paper includes a dummy variable for 
HSR availability. This specific variable looks at the presence of a HSR line in the region in each specific 
year considered. As a dummy variable, it takes the value 0 if the region does not have any HSR lines in 
operation, and 1 otherwise. Note that instead of 1 the variable takes the value (12-n)/12 during the first 
year of introduction, with n being the month the first HSR line was introduced, and 1 from the year after 
the first year the HSR line was introduced. The information regarding this variable has been collected on 
the specific country level service providers of the studied countries: Austria14, Belgium15, Denmark16, 
 
11 High-Speed Database & Maps – UIC - International union of railways. 2021, UIC.org, viewed 4 May 2021, 
<https://uic.org/passenger/highspeed/article/high-speed-database-maps>. 
12 Ec.europa.eu. 2021. [online] Available at: <https://ec.europa.eu/eurostat/databrowser/view/tour_occ_arn2/default/table?lang=en> 
[Accessed 17 March 2021]. 
13 Ec.europa.eu. 2021. [online] Available at: <https://ec.europa.eu/eurostat/databrowser/view/tour_occ_nin2/default/table?lang=en> 
[Accessed 17 March 2021]. 
14 Our trains 2021, ÖBB,  viewed 2 March 2021, <https://www.oebb.at/en/reiseplanung-services/im-zug/unsere-zuege>. 
15 High-speed network in Belgium | TUC RAIL 2021, Tucrail.be, viewed 20 March 2021, <https://www.tucrail.be/en/projects/in-belgium/high-
speed-rail-network>. 
16 Explore Denmark by train 2021, dbs.dk. 2021, viewed 3 March 2020, <https://www.dsb.dk/en/explore-denmark-by-train/>. 
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Finland17, France18, Germany19, Italy20, Poland21, Spain22, Switzerland, The Netherlands23, UK24. The 
expectation of the sign of the estimated coefficient based on the findings from the literature are unsure. 
For what concerns the sign, the introduction of HSR line could have a positive effect due to the reduction 
of the generalised cost of transportation in surface modes of transportation but could also represent a 
decline in the number of flights which overall might have an impact on the arrivals of tourists (See Albalate 
and Fageda, 2016). 
To have a more refined variable about the intensity of HSR supply, we replace the binary variable 
above described by the number of HSR lines in operation in separate regressions. This introduction is a 
novelty with respect to the variables considered within the literature on the topic, although a similar concept 
is used in Chen and Haynes (2015a), which considers HSR’s network density and number of stations. The 
variable could be relevant considering the impact HSR can have on accessibility, the more HSR lines the 
more parts of the region can be reached as well as the connections outside regions. Not only the presence 
of one single HSR itself, but whether there is more than one line. This included variable is measured as an 
integer number counting the lines in the region. We would expect the coefficient for this variable to have 
a positive sign due to the higher capacity of tourist attraction of having more lines reaching more markets, 
or a negative sign if the competitive effects on air transportation diminish the overall number of tourists 
reaching the region.   
Regarding control variables, our first covariate is the variable for establishments, which is defined 
as the number of touristic establishments at NUTS2 region. This variable is included to control for the 
touristic supply of the region, and, therefore, the amount of the maximum number of tourists that can be 
accommodated. Each region will have limited availability to host tourists depending on the number of 
establishments they are endowed with, these include hotels, holiday, and other short stay accommodation, 
camping grounds, recreational vehicle parks and trailer parks. Note that although demand and supply tend 
to meet in the long term, the number of establishments cannot be flexible enough to be simultaneously 
determined by the number of tourists arriving.  
 
Important to consider is then a variable accounting for air transport of passengers. The relevance 
of this variable is due to the findings from the literature. The vast branch of the literature focusing on 
 
17 Uudistunut vr.fi – tervetuloa yhteiselle matkalle 2021, Vr.fi, viewed 3 March 2021, <https://www.vr.fi>. 
18 Destinations in France and Europe 2021, Medias.sncf.com, viewed 20 March 2021, 
<https://medias.sncf.com/sncfcom/pdf/cartes/CARTE_RESEAU_TGV%20INOUI_EN.pdf?_ga=2.232220319.1864899754.1615129463-
2138309674.1615129463>. 
19 Hochgeschwindigkeitstest auf der Schnellbahnstrecke Mannheim-Stuttgart mit dem neuen ICE - Deutsche Digitale Bibliothek 2021, Deutsche-digitale-
bibliothek.de, viewed 20 March 2021,  <https://www.deutsche-digitale-bibliothek.de/item/BLBFR4CZVIVPOLZGYLZ2KFWDJVYL2MNF>. 
20 Viaggia con Frecciarossa, Frecciargento, Frecciabianca, alta velocità ad alta frequenza. – Trenitalia 2021, Trenitalia.com, viewed 20 March 2021, 
<https://www.trenitalia.com/it/le_frecce.html>. 
21 Our offer 2021, PPK.Intercity.pl, viewed 20 March 2021, <https://www.intercity.pl/pl/site/dla-pasazera/informacje/nasze-pociagi/express-
intercity-premium/oferta.html>. (Polish) 
22 AVE and Larga Distancia (long distance high-speed) 2021, Renfe.com, viewed 20 March 2021, <https://www.renfe.com/es/en/travel/prepare-your-
trip/maps-and-lines/ave-and-larga-distancia>. 
23 Ns.nl. 2021, viewed 20 March 2021, <https://www.ns.nl/en/about-ns/trains-of-ns>. 
24 HS1 Ltd – High Speed 1 2021, Highspeed1.co.uk, viewed 22 March 2021, <https://highspeed1.co.uk>. 
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tourism identifies the relationship between air transportation and tourism outcomes (Albalate and Fageda, 
2016; Guirao and Campa, 2016; Albalate et al., 2017; Castillo-Manzano et al., 2018; Jou and Chen, 2020). 
Additionally, the literature looking at intermodal competition suggests the importance of airports and air 
travels when approaching the research on HSR (Gonzalez-Savignat, 2004; Roman et al., 2007; Jimenez and 
Betancor, 2012; Albalate et al., 2015). Research such as the mentioned Albalate et al. (2017) underlines the 
greater impact of airport enlargement compared to HSR. We would expect the coefficient to be significant 
and positively related to our dependent variable.  
 
Lastly, are considered characteristics of the regions with a series of variables accounting for 
economic performance of the region. The first one to be considered is the lag of GDP, to avoid the 
simultaneity with the number of tourist arrivals (given that the tourist industry is part of the GDP). The 
presence of GDP as a regressor is following the inclusion in studies by Albalate and Fageda (2016), Castillo-
Manzano et al. (2018), as well as Gao et al. (2019) measured as Gross domestic product (GDP) at current 
market prices by NUTS2 regions. Similarly, the lag of unemployment rate is considered, as in Albalate and 
Fageda (2016). This is measured as unemployment at NUTS2 regions as a percentage of the total 
population.  In addition, the analysis also considers the region’s population as an indicator of the size of 
the region itself and the agglomeration of centres both for what concerns the economic aspect as well as, 
possibly, of touristic sites. Another similar mentioned study which includes it within the explanatory 
variables are the mentioned Albalate and Fageda (2016), Castillo-Manzano et al. (2018) as well as in Yin et 
al. (2019). Therefore, the regressions include population measured on 1 January by NUTS2 region. 
Included below are the descriptive summary statistics of the included variables.  
 
Table 1:  
Summary statistics of the included variables. 
 
Variable Mean Standard deviation Minimum Maximum 
Arrivals 1103206 1926298 6907 1.90e+07 
Average stays 12.24336 14.96322 0.0337954 193.2836 
DHSR 0.1422964   0.3475457 0 1 
HSR_lines 0.2623574 0.7655036 0 7 
Establishments 1915.299 5996.344 11 108614 
Air 6787.001 12434.33 0 107991 
GDP 46824.36 55453.02 807.46 738620.9 
Unemployment 8.514559 5.441665 1.2 37 





3.2. Method  
A commonly used empirical strategy in the literature to evaluate HSR impacts on tourisms to run 
two-way fixed effects model as a generalised differences-in-differences in a panel data setting. This is done 
to control for possible time invariant and unit invariant characteristics which may not be captured by other 
variables within the model. An example of the two-way fixed effects approach can be found in Gao et al. 
(2019) who regresses tourism outcome over its lag, a HSR dummy, a vector control variable and the two-
way fixed effects components. Similarly, Deng et al. (2020) include city and year fixed effects in their 
analysis. Albalate et al. (2020) uses a two-way fixed effects model to study the shift from motorway to HSR, 
accounting for motorway sector and year invariant characteristics, methodology also used by Albalate and 
Fageda (2016). Whilst, looking at firm value, Zhang et al. (2020) consider two-way fixed effects accounting 
for stock and year variants as well.  
 
In order to confirm the need for a panel model as opposed to an OLS, I proceeded testing the 
hypothesis on the individual error term being equal to zero, formally using the Breusch-Pagan Lagrangian 
test. For the first variable of interest testing the models: 
𝑨𝒓𝒓𝒊𝒗𝒂𝒍𝒔𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏𝑫
𝑯𝑺𝑹
𝒊𝒕 + 𝜷𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜷𝟑𝑨𝒊𝒓𝒊𝒕 + 𝜷𝟒𝑷𝒐𝒑𝒊𝒕 + 𝜷𝟓𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝜷𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝜹𝒕 + 𝜺𝒊𝒕 
(1) 
𝑨𝒓𝒓𝒊𝒗𝒂𝒍𝒔𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏𝑫
𝑯𝑺𝑹
𝒊𝒕 + 𝜷𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜷𝟑𝑨𝒊𝒓𝒊𝒕 + 𝜷𝟒𝑷𝒐𝒑𝒊𝒕 + 𝜷𝟓𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝜷𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝜺𝒊𝒕 
(2) 
𝑵/𝑨𝒊𝒕 = 𝜸𝟎 + 𝜸𝟏𝑫
𝑯𝑺𝑹
𝒊𝒕 + 𝜸𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜸𝟑𝑨𝒊𝒓𝒊𝒕 + 𝜸𝟒𝑷𝒐𝒑𝒊𝒕 + 𝜸𝟓𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝜸𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝜹𝒕 + 𝜺𝒊𝒕 
(3) 
𝑵/𝑨𝒊𝒕 = 𝜸𝟎 + 𝜸𝟏𝑫
𝑯𝑺𝑹
𝒊𝒕 + 𝜸𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜸𝟑𝑨𝒊𝒓𝒊𝒕 + 𝜸𝟒𝑷𝒐𝒑𝒊𝒕 + 𝜸𝟓𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝜸𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝜺𝒊𝒕 
(4) 
 
And for the second policy variable of interest: 
𝑨𝒓𝒓𝒊𝒗𝒂𝒍𝒔𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏𝑯𝑺𝑹_𝒍𝒊𝒏𝒆𝒔𝒊𝒕 + 𝜷𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜷𝟒𝑨𝒊𝒓𝒊𝒕 + 𝜷𝟓𝑷𝒐𝒑𝒊𝒕 + 𝜷𝟔𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝜷𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝜹𝒕 + 𝜺𝒊𝒕 
(5) 
𝑨𝒓𝒓𝒊𝒗𝒂𝒍𝒔𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏𝑯𝑺𝑹_𝒍𝒊𝒏𝒆𝒔𝒔𝒊𝒕 + 𝜷𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜷𝟒𝑨𝒊𝒓𝒊𝒕 + 𝜷𝟓𝑷𝒐𝒑𝒊𝒕 + 𝜷𝟔𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝜷𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝜺𝒊𝒕 
(6) 
𝑵/𝑨𝒊𝒕 = 𝜸𝟎 + 𝜸𝟏𝑯𝑺𝑹_𝒍𝒊𝒏𝒆𝒔𝒊𝒕 + 𝜸𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜸𝟑𝑨𝒊𝒓𝒊𝒕 + 𝜸𝟒𝑷𝒐𝒑𝒊𝒕 + 𝜸𝟓𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝜸𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝜹𝒕 + 𝜺𝒊𝒕 
(7) 
𝑵/𝑨𝒊𝒕 = 𝜸𝟎 + 𝜸𝟏𝑯𝑺𝑹_𝒍𝒊𝒏𝒆𝒔𝒊𝒕 + 𝜸𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜸𝟑𝑨𝒊𝒓𝒊𝒕 + 𝜸𝟒𝑷𝒐𝒑𝒊𝒕 + 𝜸𝟓𝑮𝑫𝑷𝒊𝒕
+ 𝜸𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝜺𝒊𝒕 
(8) 
 
Testing on the initial regressions above, comparing the OLS and random effects, we reject the 
hypothesis of no variance in the individual unobserved effects, specifically with a 𝜒2 value of 17509.45 and 
13569.21 for Arrivals and Average stays respectively (see appendix table B1 and B2 for detailed results). 
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Hence, we have established there are individual unobserved effects, and we should proceed with a panel 
data analysis. 
What needs to then be considered is the possibility for the most appropriate model to be either 
including random effects or fixed effects. In order to exclude one of the two possibilities, I proceed by 
testing the FE and RE regressions with the Hausman test and find that the most appropriate out of the 
two is indeed the FE regression, due to the rejection of the null of non-systematic difference in coefficients. 
This is true for the regressions of both dependent variables, with a 𝜒2 value of 47.20 and 197.56 (see 
appendix table B3 for the detailed results). 
Therefore, this analysis will proceed with the use of two-way fixed effects models, with region fixed 
effects controlling for time-invariant region-specific unobserved and year fixed effects to control for 
common trends. 
 
Two other aspects to consider before commenting on the results are the issues which may arise 
with heteroskedasticity and serial autocorrelation. For what concerns heteroskedasticity, we observe that 
by implementing the Breusch-Pagan test we reject the null of constant variance. When considering the two 
policy variables, for the first dependent variable we obtain a 𝜒2 value of 1510.76 and 1493.45, for average 
stay we find 263.32 and 253.54, respectively (see appendix tables B4 and B5 for detailed results). Hence, we 
need to deal with heteroskedasticity issues. To address the problem, future regressions considered will 
include robust to heteroskedasticity standard errors.  
We can observe that there is autocorrelation for what concerns AR(1), for both dependent 
variables F(1,33) with values of 236.180 and 47.489 reveals the presence of first degree serial autocorrelation 
(see appendix table B6 for detailed results). Before looking at the empirical analysis, the possibility of the 
autocorrelation to be of degree greater than AR(1) also needs to be addressed and accounted for. In order 
to test this I ran the OLS regression, saved the residuals (uhat) and considered the coefficients of the lags 













Average stays  
with DHSR 
Uhat 
Average stays  
with HSR_lines 
Uhat l.1 1.026054 
(0.022782)*** 




0.8913814   
(0 .0206975)*** 
Uhat l.2 -0.008558 
(0.234145) 




0.0783888    
(0.0199808)*** 
Constant  23488.2 
(5237.113)*** 




-0.0856623    
(0.0307024)** 
R2 0.97 0.98 0.98 0.98 
Note: significance level described with  * p<.05; ** p<.01; *** p<.001 
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The results highlight how, for the first dependent variable and policy variable DHSR, only the first 
lag’s coefficient is statistically significant with a p-value of 0.000, showing how the autocorrelation stops 
after the first lag. For the second policy variable both lags are statistically significant. Looking at our second 
dependent variable for average stay, the two lags are significant for both regressions respectively with the 
two policy variables. This implies that the studied regression is an AR(2).  
In order to solve the autocorrelation issue across this analysis, the regressions will include standard 
errors clustered by region (NUTS2) by means of the cluster robust option on Stata (cluster sandwich 
estimator) that allows for any type of the autocorrelation within region.  
This method is implemented following the research by Bertrand et al. (2004), using a variance-
covariance matrix in which the residual is estimated for each region at each period of time. This estimator 
of the variance-covariance matrix is found to be consistent for fixed panel length when the number of 
observations tends to infinity. Moreover, Kézdi (2004) shows that 50 clusters (with roughly equal cluster 
sizes) is often close enough to infinity for accurate inference.  
 
4. RESULTS  
4.1. Panel data fixed effects models  
The empirical analysis, therefore, starts by estimating the two-way fixed effects regression for the 
dependent variable of arrivals. The analysis looks at the estimation of the same regression considering the 
cluster standard errors (table 3 regressions 1 and 2). Lastly is reported the two-way fixed effects regression 
for the dependent variable of average stays, also considering the cluster standard errors, for both policy 
variables (table 3, regressions 3 and 4).  
We can observe, to begin with, how the main policy variables of interest are statistically insignificant 
in most of the considered regressions, although exception was found in the AR(1) estimation of the variable 
for arrivals with the number of lines, which was significant at 5% (see appendix table C1). This variable, 
however, becomes insignificant when the cluster methodology is introduced, as we can observe in 
regressions 1 and 2, leading us to believe that the first estimation in this regard is biased.  
For what concerns the other included regressors, the number of establishments is strongly 
significant when analysing the tourists’ arrivals, while it still is significant, although not as strongly, for 
average stays. When significant the impact asserted on the tourist outcome is positive and around 74 unit 
points.  
The variable for airport passengers is strongly significant for Arrivals in the cluster regression, as 
for establishments, it is still significant but not as strongly for the second dependent variable. It has a 
positive impact on both dependent variables with a coefficient of between 128 and 125 unit points for the 
first dependent variable. This impact becomes very small when looking at the second dependent variable 
(0.01%). The lagged value of GDP is found to be significant at 0.1 for the first dependent variable, when 
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implementing the first method AR(1), asserting a negative impact for what concerns tourists’ arrivals (See 
appendix table C1). Although, as for population, it is statistically insignificant in the rest of analysed cases.  
Lastly, the lagged value of unemployment is insignificant in all considered regressions.  
 
Table 3: 
















- -0.050932   
(0.5392024) 
- 
HSR_lines - 99650 
(79047.9) 






















0.0001064   
(0.0000437)* 






5.72e-06   
(0.0000218) 






0.0361228   
(0.0555822) 






-0.8218229   
(4.826315) 
-1.25923   ( 
5.035441) 
Clustered SE Yes Yes Yes Yes 
R2  within 0.7349 0.7335 0.2733 0.2737 
R2 between 0.5541 0.5715 0.0054 0.0052 
R2 overall 0.4812 0.5047 0.0040 0.0037 
Note: significance level described with  * p<.05; ** p<.01; *** p<.001 
 
Beside the interpretation of the specific coefficients assigned to the estimation of the regressions, 
what needs to be considered are the goodness of fit of the models expressed with the R2. The regressions 
for the first dependent variable considered, have a remarkably greater goodness of fit, suggesting there 
might be missing aspects when looking at average stays. 
What needs to be taken into account is the fact that in the panel data framework there are two 
dimensions being analysed, reported in comparison with the within and between R2. The interest of this 
research is centred specifically around the within effect. Hence, in how much of the variance within panel 
units of the considered data is accounted for by the model used, rather than the between and overall 
measure. Therefore, despite the fact that the fit of the overall models does not have an excellent 
performance, the within dimension results, to an extent, in a better performance. 
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4.1.1. Additional regressions   
There are other aspects of the implementation and improvement of the HSR system which could 
be asserting an impact on tourists’ arrivals as well on the length of their stay.  
In this more in depth analysis one aspect to be considered is a variable for potential number of the 
tourism market, which represents an addition to the literature. This is constructed by summing the 
population of the NUTS2 regions which a specific region is given access to through the stops linking it, 
with the introduction of the new HSR line. This variable is also considered as an interaction variable with 
the HSR dummy. The variable is considered by replacing it with the policy variable in the original regression.  
 
Table 4:  
Summary statistics of the included variables. 
 
Variable Mean Standard deviation Minimum Maximum 
Potential market 13065.13 319714.8 0 9469841 
 
Below are the two-way fixed effects regressions with the policy variable for potential tourist market, 
in table 5, regressions 5 and 6. 
 
Table 5: 
Estimates for the double fixed effects equation, with potential tourist market.  








HSR_ Potential tourists  -4230.491    
(7909.794) 
0.009152    
(0.0046457) 
Establishments 8.527544     
(41.4876) 
-0.0000549   
(0.0000499) 




Airport 155.9902    
(50.21305)** 




-0.0000329   
(0.0000114)** 
l.Unemployment 72938.51    
(35139.59)* 




-4173333     
(3318969) 
-3.547468    
(3.464284) 
Clustered SE Yes Yes 
R2 within  0.7703 0.5837 
R2 between  0.7013 0.0315 
R2 overall  0.5602 0.0295 
Note: significance level described with  * p<.05; ** p<.01; *** p<.001 
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As we can observe by the coefficients reported in the above table, the interaction variable of 
potential tourists is not statistically significant in either of the two considered dependent variables.  
While, for what concerns the fit of the models, we can observe how the within R2 is the highest 
among the reported ones, with 77% compared to 56% (overall) for what concerns the first dependent 
variable and, more importantly, 58% compared to 2.9% (overall) for the average stays. 
 
Other considerations which can be taken into account regarding the implementations of HSR lines 
in a region, are linked to specific characteristics of the service itself. One of these aspects is speed, 
considered as the maximum speed reached by HSR among the lines present within a region. The inspection 
of this variable in this research is relevant due to the debate surrounding its significance in the relation HSR 
has to tourism outcomes. The controversiality within the literature lies in the fact that, as mentioned, 
technically travelling time enters in the cost function as being disutility for consumers. The time spent 
travelling should be such that speed of vehicles used is relevant and has a positively correlated coefficient 
to tourism indicators. As shown by Gonzalez-Savignat (2004) as well as in Debruszkes et al. (2014), 
passengers derive disutility from assigning monetary and time resources to a journey. Nevertheless, 
literature considers the possibility of it not being a statistically significant component of tourism outcomes. 
In fact, Givoni and Banister (2012) mentions considerations and concerns regarding the fact that, firstly, 
the studied maximum speed is not the actual travelling speed as well as the aspect regarding dependence of 
the speed on the number of stops along a journey and, lastly, how passengers might not be concerned with 
the station-to-station travel time. Within the regressions themselves the variable is accounted for by 
considering the impact of the coefficient for HSR, considering the specific speed of the HSR lines in the 
region. Hence, analyses the impact that, within the case of presence of HSR, is asserted by different speeds. 
For this purpose, two scenarios are considered, for the speed to be greater than 250 km/h and 300 km/h. 
This is done in order to explore the effects that the highest speed of HSR available in a region has on the 
number of tourists who decide to utilise the service (compared to the original analysis which looks at all 
HSR regardless of their speed). 
 
Table 6: 
Summary statistics of the variable for Speed. 
 
Variable Mean Standard deviation Minimum Maximum 
Speed 284.116 28.58735 200 320 
HSR_Speed 274.7663 52.18461 0 320 
 
We can observe how neither the HSR dummy, nor the number of HSR lines are statistically 
significant in the considered regressions independently of the speed and dependent variable considered, 
table 7 regressions 7 to 10. 
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This analysis proceeds by also considering the impact speed has when restricting the sample to the 
treated regions, as reported in table 7, regressions 11 and 12. As for the previous regressions, the coefficients 
for the policy variable of interest, the interaction variable HSR_speed, is not statistically significant with the 
exception of the dependent variable for average stays. In this case, we observe that, for HSR equal to 1, the 
variable for HSR_speed is significant although only at 10%. 
 
Table 7: 
Estimates for the double fixed effects equation, with HSR if Speed>300km/h and Speed>250 km/h.  
And estimates for the double fixed effects equation, with HSR=1. Arrivals and Average stay. 
 


















HSR_250 km/h 53302.09   
(82210.64) 
- -0.1145887   
(0.4944585) 
- - - 
HSR_300 km/h - 89193.07   
(111477.7) 
- -1.403123   
1.230241 
 -- 




Establishments 72.95746  
(2.672022)*** 










Population 0.9304678   
(0.3504563)** 










Airport 135.7065    
(21.0089)*** 
127.1717   
(25.23826)*** 
0.0000995   
(0.0000412)* 
0.000147   
(0.0000693)* 




l.GDP -3.762356   
(4.111786) 
-5.177179   
(5.189391) 
7.85e-06   
(0.0000195) 
9.34e-06   
(0.0000249) 




l.Unemployment 11475.59   
(5363.377)* 
8478.37   
(5669.247) 
0.0379905   
(0.0535411) 
0.0417196   
(0.0605805) 




Constant -1297599   
(704882.8) 
66296.73   
(591685.3) 
-0.439873   
(4.061736) 
-1.316525   
(6.220928) 




Clustered SE Yes Yes Yes Yes Yes Yes 
R2  within  0.7646 0.7444 0.2778 0.2712 0.7082 0.5365 
R2 between 0.5543 0.6399 0.0057 0.0038 0.6093 0.0323 
R2 overall  0.4722 0.4820 0.0051 0.0000 0.5051 0.0320 
Note: significance level described with  * p<.05; ** p<.01; *** p<.001 
 
4.2. Robustness check: Instrumental variables  
When approaching this analysis, one aspect which needs to be taken into account is the possibility 
of endogeneity linked with the main policy variable of interest: the presence of high-speed railway lines in 
a region. There might be an issue of reverse causality due to the fact that new lines are constructed 
specifically due to high tourist demand in the area of introduction. In this analysis, we have observed how 
the policy variables analysed are not statistically significant and, hence, an interpretation regarding their 
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inference cannot be derived. In addition, it is also the case that endogeneity issues are a problem only when 
the bias induced is downward, which is the opposite to what we would expect to see. Although what just 
stated is to be considered accurate, it still is appropriate to account for the possible issue. To do so, this 
analysis proceeds with a robustness check.  
This issue of endogeneity has been addressed in the literature and, for the case of Spain, one 
example is found in Campa et al. (2016). The authors conduct a research using a multivariate panel analysis 
on how tourism indicators are affected by new HSR lines focusing on the case of Spain. The test for 
endogeneity of the variable for HSR is performed by conducting the analysis on a smaller scale selecting as 
a case study and analysing a mid-sized city as Toledo. The results of their analysis highlight how in the 
“cause-effect” relation, the impact of tourism on HSR demand might have greater relevance compared to 
the opposite. Nevertheless, they mention how, when a specific tourism destination has a good accessibility, 
the introduction of a new mode does not bring new tourists but rather creates a split in the use of transport 
modes, suggesting that their example shows the cause-effect relationship to be unbalanced towards the 
benefits of HSR demand.  
However, when researching on this country specifically, endogeneity is argued to not be present 
due to the fact that the deployment of HSR is unrelated to tourism outcomes or expectations, but to a 
hierarchical administrative criteria to create a centralised network to connect Madrid with the rest of 
province capitals regardless of their economic, demographic and transportation demand features and 
regardless of the size and expectations of their touristic attractiveness (Albalate and Bel, 2011; Albalate and 
Fageda, 2016, Albalate et al., 2017).   
Although this is the case for Spain, the exogeneity argument cannot be proven to hold for the 
broad number of countries considered in this research. Indeed, transportation and economics leading to 
mobility demand are expected to be considered in the design of transport policy across European countries. 
In this case, a solution for a potential endogeneity concern found in the literature is to recur to the use of 
instrumental variables. Their selection can vary depending on the specifics of the research.  
Faber (2014), Hornung (2015), Gao et al. (2018) and Gao et al. (2019), use the straight-line strategy 
to construct a variable for potential HSR connection to instrument actual HSR connections. This 
methodology consists of drawing straight lines between two end cities of HSR lines, the prefectural cities 
which are located along the drawn lines are considered to construct the potential HSR connect cities. This 
approach is taken to ultimately evaluate the impact HSR connection has on tourism revenue and tourist 
arrivals in cities.  
Another commonly used instrumental variable is linked to construction plans previous to the 
analysed policy implementation. An influential work in this regard is represented by the research conducted 
in Duranton and Turner (2012). The study looks at the effect interstate highways have on the growth of 
US cities between 1983 and 2003. To do so they construct three instruments. The first one built with plans 
of the interstate highway system from 1947, the second one with the map of the major railroad routes dated 
1898 and the third one is constructed by using the routes of the major expeditions of exploration between 
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1528 and 1850. The method used to build the instrument relevant to this analysis is, specifically, the one 
linked to the variable based on the planned routes. This, was considered due to the plans being linked to a 
strategic highway network suggested by the War Department as for location of military establishments, 
interregional traffic demand and the distribution of population and economic activity. It was then justified 
as an instrument based on the fact that many of the highways which were part of the plans were actually 
built, as remarked by the authors.   
 
In order to proceed with the instrumental variable analysis, this paper considers the TEN-T policy25 
which plays the role of addressing the implementation and improvement of the transport network including 
roads, railway lines, inland waterways, ports, airports and railroad terminals, across the European Union. 
Because of the main purpose and goal of the TEN-T being unrelated to tourism26, the assumption regarding 
exogeneity of the instruments is assumed to hold. The project plans used for this research were specifically 
dated to the 23rd of July 199627 and for the purpose of this study, the route considered were the additional 
HSR lines planned. Therefore, the specific variable was constructed as a dummy variable by observing the 
regions which were affected by the plan with stations along the new routes to which the value 1 was 
assigned, and 0 otherwise. To be considered, with the addition of this variable and its use as an instrument, 
is its time invariability. Due to this aspect, the variable cannot be included within the regression by itself, 
there is the need to create interaction variables, this study considers two: 𝑡𝑒𝑛𝑡 × 𝑦𝑒𝑎𝑟, 𝑡𝑒𝑛𝑡 × 𝑝𝑜𝑝. 
Therefore, the additional variable TEN-T policy is used to construct the interaction instruments. Firstly, 
the interaction with the time dimension of the panel data, years. The interaction with the years is justifiable 
due to the higher likelihood of the planned route to be constructed with time. Secondly, the interaction 
with the population of the regions considered, this is because of the fact that the planned routes are likely 
to be linked to connections between highly populated regions rather than to the low-populated ones. 
 
Table 8:  
Summary statistics of the included variables. 
 
Variable mean Standard deviation  minimum maximum 
tentyear 504.9611 871.1091 0 2019 
tentpop 962664.7 4229467 0 6.72e+07 
 
 
25 Mobility and Transport - European Commission. 2021. Trans-European Transport Network (TEN-T) - Mobility and Transport - European Commission. 
[online] Available at: <https://ec.europa.eu/transport/themes/infrastructure/ten-t_en> [Accessed 3 March 2021]. 
26 Community guidelines for the development of the trans-European transport network 23 July 1996, The European parliament and of the council, 1996D1692 
- EN - 10.09.1996 - 000.001- Section 3 pp. 6-7 




The inspection continues only focusing on the dependent variable for arrivals. Given the 
information regarding the instruments selected and built, the analysis proceeds by estimating the 2-stage 
least squares (2SLS) fixed effects regressions, with cluster errors, with the two instruments together. 
This is done as follows, given the 2 initial regressions estimating the dependent variables for arrivals 
with the two different policy variables.  
 
From the original two-way fixed for Arrivals with HSR we see: 
𝑨𝒓𝒓𝒊𝒗𝒂𝒍𝒔𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏𝑫
𝑯𝑺𝑹
𝒊𝒕 + 𝜷𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜷𝟑𝑨𝒊𝒓𝒊𝒕 + 𝜷𝟒𝑷𝒐𝒑𝒊𝒕 + 𝜷𝟓𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝜷𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝜺𝒊𝒕 
(9) 
First stage:  
𝑫𝑯𝑺?̂?𝒊𝒕 = 𝜶𝟎 + 𝜶𝟏𝒕𝒆𝒏𝒕𝒚𝒆𝒂𝒓𝒊𝒕 + 𝜶𝟐𝒕𝒆𝒏𝒕𝒑𝒐𝒑𝒊𝒕 + 𝜶𝟒𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜶𝟓𝑨𝒊𝒓𝒊𝒕 + 𝜶𝟔𝑷𝒐𝒑𝒊𝒕
+ 𝜶𝟕𝑮𝑫𝑷𝒊𝒕−𝟏 + 𝜶𝟖𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝝊𝒊𝒕 
(10) 
Second stage: 
𝑨𝒓𝒓𝒊𝒗𝒂𝒍𝒔𝒊𝒕 = 𝝀𝟎 + 𝝀𝟏𝑫𝑯𝑺?̂?𝒊𝒕 + 𝝀𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝝀𝟑𝑨𝒊𝒓𝒊𝒕 + 𝝀𝟒𝑷𝒐𝒑𝒊𝒕 + 𝝀𝟓𝑮𝑫𝑷𝒊𝒕−𝟏




From the original two-way fixed for Arrivals with the number of HSR lines we see: 
𝑨𝒓𝒓𝒊𝒗𝒂𝒍𝒔𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏𝑯𝑺𝑹_𝒍𝒊𝒏𝒆𝒔𝒊𝒕 + 𝜷𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝜷𝟑𝑨𝒊𝒓𝒊𝒕 + 𝜷𝟒𝑷𝒐𝒑𝒊𝒕 + 𝜷𝟓𝑮𝑫𝑷𝒊𝒕−𝟏 +
𝜷𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝜺𝒊𝒕               
(12) 
First stage:  
𝑯𝑺𝑹_𝒍𝒊𝒏𝒆𝒔𝒊𝒕 = 𝝆𝟎 + 𝝆𝟏𝒕𝒆𝒏𝒕𝒚𝒆𝒂𝒓𝒊𝒕 + 𝝆𝟐𝒕𝒆𝒏𝒕𝒑𝒐𝒑𝒊𝒕 + 𝝆𝟒𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + 𝝆𝟓𝑨𝒊𝒓𝒊𝒕 + 𝝆𝟔𝑷𝒐𝒑𝒊𝒕
+ 𝝆𝟕𝑮𝑫𝑷𝒊𝒕−𝟏 + 𝝆𝟖𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝝁𝒊𝒕 
 (13) 
Second stage: 
𝑨𝒓𝒓𝒊𝒗𝒂𝒍𝒔𝒊𝒕 = 𝝅𝟎 + 𝝅𝟏𝑯𝑺𝑹_𝒍𝒊𝒏𝒆𝒔𝒊𝒕̂ +𝝅𝟐𝒆𝒔𝒕𝒂𝒃𝒍𝒊𝒔𝒉𝒎𝒆𝒏𝒕𝒔𝒊𝒕 + +𝝅𝟑𝑨𝒊𝒓𝒊𝒕 + 𝝅𝟒𝑷𝒐𝒑𝒊𝒕 + 𝝅𝟓𝑮𝑫𝑷𝒊𝒕−𝟏
+ 𝝅𝟔𝑼𝒏𝒆𝒎𝒑𝒍𝒐𝒚𝒎𝒆𝒏𝒕𝒊𝒕−𝟏 + 𝝃𝒊 + 𝜹𝒕 + 𝝎𝒊𝒕 
 (14) 
 
In table 9, the results of the second stage of the 2SLS FE regressions are presented (see appendix table C2 
for the results of the first stage regressions).  
Prior to interpreting the coefficients, in table 9 it is important to observe the results for the Hansen 
J and Kleibergen-Paap tests. The null hypothesis we are dealing with, for the first one, is of exogenous 
instruments and, for the second, is of weak instruments. As a consequence, the wanted results would be to 
fail to reject the null for what concerns the Hansen J test (therefore, to have an 𝜒2(2) such that p-value 
>0.05) and to reject it for the Kleibergen-Paap test (therefore, to have an 𝜒2(1) such that p-value <0.05). 
As we can observe in the table below, the instruments satisfy the assumptions suggested by the results of 
the Hansen J test and the Kleibergen-Paap test. 
As shown by the results reported in table 9, the coefficients for the two policy variables of interest 
remain statistically insignificant. Implying that the presence of HSR lines as well as the number of lines in 












DHSR 1365262   
(968668.2) 
- 
HSR_lines - 459388   
(315812.4) 
Establishments 72.92407   
(3.748697)*** 
74.14885   
(4.663379)*** 
Pop 0.5948643   
(0.4632284) 
0.1146262   
(0.5162401) 
Air 133.3315   
(21.00514)*** 
128.5439   
(23.83825)*** 
l.GDP -6.728511   
(6.152861) 
-6.606924     
(7.4475) 
l.Unemployment 9341.779   
(7509.225) 
7655.723   
(8028.834) 
   
Clustered SE Yes Yes 
R2 0.6354 0.6932 
Hansen J Test 0.7501 0.7648 
Kleibergen-Paap Test 0.0357 0.0124 
Note: significance level described with  * p<.05; ** p<.01; *** p<.001 
 
What we can conclude from the results of the 2SLS regressions is that the insignificance of the 
main policy variables observed in this analysis is not due to endogeneity.  
 
5. CONCLUSION  
This paper has analysed the impact a set of HSR policy variables have on tourism outcomes, 
represented by two dependent variables, tourist arrivals and average stays. The analysis has been conducted 
at the regional NUTS2 level, with data collected from Eurostat and the UIC and by using a two-way fixed 
effects methodology with cluster standard errors by region. Endogeneity concerns have been also 
addressed, following the IV method with instruments related to old EU TEN-T plans elaborated in the 
90’s.  
The most optimistic hypothesis in terms of policy implementation, for what concerns the 
relationship between the introduction of HSR lines and tourism outcome, would have been that the 
introduction of a line, as well as the improvement of the network through the addition of more lines, causes 
an increase in the flow of tourists and increase in their average stays. This would have been supported with 
significant and positively correlated coefficients. Yet, already from the initial fixed effects estimations, the 
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suggested results of this analysis are in line with those empirical papers less supportive of the touristic 
contribution of HSR (Albalate and Fageda, 2016; Albalate et al., 2017; Guirao and Campa, 2016). The 
statistically insignificance of the HSR variables in our analysis are, therefore, economically and politically 
significant, especially if we take into account the support received by this mode of transportation by the 
European Commission and several European governments. As we have seen, this aspect is coherent 
throughout the analysis. The coefficients are insignificant for both policy variables in regressions 1 to 4 and 
do not improve, in terms of significance, neither when other policy variables are considered (potential 
tourist market, regressions 5 and 6) nor when the analysis is restricted to specific speed of the service 
(regressions 7 to 10). According to this work’s results, governments should not expect HSR to promote 
tourism, although some specific projects might still provide positive impacts.  
Regarding the empirical literature taking an international approach, our results differ from those 
by Castillo-Manzano et al. (2018), in which the HSR variable is found to be significant in contrast to most 
of the analysed literature and this research’s results. These authors, however, perform their analysis on a 
country level dataset, and therefore, their results might be influenced by the less detailed point of view that 
differs from the regional perspective taken in this analysis.  
 
Although many aspects which might play a role when it comes to policy making should be 
considered, from the results emerged from this analysis it appears as if the implementation of HSR has 
failed to increase tourism, hence, to promote tourism in the regions affected by the newly introduced line. 
This, translated in terms of policy implementation, suggests that investments in HSR should not be made 
with the sole aim of improving the destination’s touristic attractiveness, unless there are really founded 
reasons to believe in this contribution due to the features of the project in the specific context considered. 
Thus, other economic characteristics should be taken into account when considering financing HSR 
construction for the expenditure to be as profitable as possible. Alternatively, if the aim is purely the 
improvement of touristic attractiveness, the HSR construction should be combined with other policy tools 
and the expenditures should be made simultaneously toward multiple initiatives to ensure successful results. 
In any case, this research shows that the tourism boost usually attached to new modes of transportation 
and particularly to HSR, should be considered cautiously, given that the ex-post evidence seems to be less 
supportive than the ex-ante expectations.  
 
Lastly, it is worth mentioning some limitations of this analysis. The novelty of the research being 
applied to the larger scale as to the European Union at the NUTS2 level comes with its limitations. One of 
these is the missing data for part of the considered regions and for some of the included variables on a 
number of years of observations. Nevertheless, this analysis represents an initial step toward a more 
inclusive and broader analysis in comparison with the country studies and the international analysis focused 
on countries as units of analysis. An aspect which could be considered in future studies if better data is 
provided and which would enhance the reliability and information provided by the results, would be to 
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analyse a smaller cross-sectional unit of measure. The limitation of this research, in this regard, is linked to 
the fact that the HSR lines were considered as collocated in broad regions which may differ significantly 
within themselves. Looking at NUTS3 regions, data permitting, would offer a great and deeper insight on 
the relationship of HSR on tourism. 
 Another aspect which may be worth investigating, is the fit of the considered regressions, for what 
concerns the second dependent variable of interest of average stays. This research has followed the traces 
and trends of the literature, highlighting some weaknesses in the model’s performance, which, with access 
to more data and a deeper analysis, could be improved.  
This analysis has provided evidence on the regional effect HSR implementation has on tourism. 
Albeit additional research will be needed to be able to establish with more precision the impact the high-
speed railway has at the European regional level on tourism, this paper contributes to the advancement of 
the literature toward a better understanding of the relationship between high-speed transport and tourism 
outcomes.   
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7.1. Appendix A: Data description  
Table A1: 
List of included countries, NUTS level considered and correspoding NUTS code. 
 
COUNTRY REGIONS NUTS CODE 
BELGIUM Région_de_Bruxelles-Capitale BE10 
 Prov.Antwerpen  BE21 
 Prov.Limburg  BE22 
 Prov.Oost-Vlaanderen BE23 
 Prov.Vlaams-Brabant  BE24 
 Prov.West-Vlaanderen BE25 
 Prov.Brabant_wallon BE31 
 Prov.Hainaut BE32 
 Prov. Liège BE33 
 Prov. Luxembourg (BE) BE34 
 Prov. Namur  BE35 
BULGARIA Severna i yugoiztochna Bulgaria BG3 
 Yugozapadna i yuzhna tsentralna Bulgaria BG4 
CZECH REPUBLIC Praha CZ01 
 Strední Cechy CZ02 
 Jihozápad CZ03 
 Severozápad CZ04 
 Severovýchod CZ05 
 Jihovýchod CZ06 
 Strední Morava CZ07 
 Moravskoslezsko CZ08 
DENMARK Hovedstaden DK01 
 Sjælland DK02 
 Syddanmark DK03 
 Midtjylland DK04 
 Nordjylland DK05 
GERMANY Stuttgart DE11 
 Karlsruhe DE12 
 Freiburg DE13 
 Tübingen DE14 
 Oberbayern DE21 
 Niederbayern DE22 
 Oberpfalz DE23 
 Oberfranken DE24 
 Mittelfranken DE25 
 Unterfranken DE26 
 Schwaben DE27 
 Berlin DE30 
 Brandenburg DE40 
 Bremen DE50 
 Hamburg DE60 
 Darmstadt DE71 
 Gießen DE72 
 Kassel DE73 
 Mecklenburg-Vorpommern DE80 
 Braunschweig DE91 
 Hannover DE92 
 Lüneburg DE93 
 Weser-Ems DE94 
 Düsseldorf DEA1 
 Köln DEA2 
 Münster DEA3 
 Detmold DEA4 
 Arnsberg DEA5 
 Koblenz DEB1 
 Trier DEB2 
 Rheinhessen-Pfalz DEB3 
 Saarland DEC0 
 Sachsen DED 
 34 
 Sachsen-Anhalt DEE0 
 Schleswig-Holstein DEF0 
 Thüringen DEG0 
ESTONIA Eesti EE00 
IRELAND  Ireland IE0 
GREECE Attiki EL30 
 Voreio Aigaio EL41 
 Notio Aigaio EL42 
 Kriti EL43 
 Anatoliki Makedonia, Thraki EL51 
 Kentriki Makedonia EL52 
 Dytiki Makedonia EL53 
 Ipeiros EL54 
 Thessalia EL61 
 Ionia Nisia EL62 
 Dytiki Ellada EL63 
 Sterea Ellada EL64 
 Peloponnisos EL65 
SPAIN Galicia ES11 
 Principado de Asturias ES12 
 Cantabria ES13 
 País Vasco ES21 
 Comunidad Foral de Navarra ES22 
 La Rioja ES23 
 Aragón ES24 
 Comunidad de Madrid ES30 
 Castilla y León ES41 
 Castilla-la Mancha ES42 
 Extremadura ES43 
 Cataluña ES51 
 Comunitat Valenciana ES52 
 Illes Balears ES53 
 Andalucía ES61 
 Región de Murcia ES62 
 Ciudad de Ceuta ES63 
 Ciudad de Melilla ES64 
 Canarias ES70 
FRANCE Île de France FR10 
 Centre - Val de Loire FRB0 
 Champagne-Ardenne (NUTS 2013) FRF2 
 Picardie (NUTS 2013) FRE2 
 Haute-Normandie (NUTS 2013) FRD2 
 Basse-Normandie (NUTS 2013) FRD1 
 Bourgogne (NUTS 2013) FRC1 
 Nord-Pas-de-Calais (NUTS 2013) FRE1 
 Lorraine (NUTS 2013) FRF3 
 Alsace (NUTS 2013) FRF1 
 Franche-Comté (NUTS 2013) FRC2 
 Pays de la Loire (NUTS 2013) FRG0 
 Bretagne (NUTS 2013) FRH0 
 Poitou-Charentes (NUTS 2013) FRI3 
 Aquitaine (NUTS 2013) FRI1 
 Midi-Pyrénées (NUTS 2013) FRJ2 
 Limousin (NUTS 2013) FRI2 
 Rhône-Alpes (NUTS 2013) FRK2 
 Auvergne (NUTS 2013) FRK1 
 Languedoc-Roussillon (NUTS 2013) FRJ1 
 Provence-Alpes-Côte d'Azur (NUTS 2013) FRL0 
 Corse (NUTS 2013) FRM0 
 Départements d'outre-mer (NUTS 2013) FRY 
CROATIA Jadranska Hrvatska HR03 
 Kontinentalna Hrvatska (NUTS 2016) HR04 
ITALY Piemonte ITC1 
 Valle d'Aosta/Vallée d'Aoste ICT2 
 Liguria ITC3 
 Lombardia ITC4 
 Provincia Autonoma di Bolzano/Bozen ITH1 
 Provincia Autonoma di Trento ITH2 
 Veneto ITH3 
 Friuli-Venezia Giulia ITH4 
 Emilia-Romagna ITH5 
 35 
 Toscana ITI1 
 Umbria ITI2 
 Marche ITI3 
 Lazio ITI4 
 Abruzzo ITF1 
 Molise ITF2 
 Campania ITF3 
 Puglia ITF4 
 Basilicata ITF5 
 Calabria ITF6 
 Sicilia ITG1 
 Sardegna ITG2 
CYPRUS Cyprus  CY00 
LATVIA LATVIA  LV00 
LITHUANIA Lithuania LT0 
LUXEMBOURG Luxembourg LU00 
HUNGARY  Közép-Magyarország HU1 
 Közép-Dunántúl HU21 
 Nyugat-Dunántúl HU22 
 Dél-Dunántúl HU23 
 Észak-Magyarország HU31 
 Észak-Alföld HU32 
 Dél-Alföld HU33 
MALTA Malta  MT00 
NETHERLANDS Groningen NL11 
 Friesland (NL) NL12 
 Drenthe NL13 
 Overijssel NL21 
 Gelderland NL22 
 Flevoland NL23 
 Utrecht NL31 
 Noord-Holland NL32 
 Zuid-Holland NL33 
 Zeeland NL34 
 Noord-Brabant NL41 
 Limburg (NL) NL42 
AUSTRIA Burgenland (AT) AT11 
 Niederösterreich AT12 
 Wien AT13 
 Kärnten AT21 
 Steiermark AT22 
 Oberösterreich AT31 
 Salzburg AT32 
 Tirol AT33 
 Vorarlberg AT34 
POLAND Lódzkie  PL71 
 Mazowieckie  PL9 
 Malopolskie PL21 
 Slaskie PL22 
 Lubelskie PL81 
 Podkarpackie PL82 
 Swietokrzyskie  PL72 
 Podlaskie  PL84 
 Wielkopolskie PL41 
 Zachodniopomorskie PL42 
 Lubuskie PL43 
 Dolnoslaskie PL51 
 Opolskie PL52 
 Kujawsko-Pomorskie PL61 
 Warminsko-Mazurskie PL62 
 Pomorskie PL63 
PORTUGAL Norte PT11 
 Algarve PT15 
 Centro (PT) PT16 
 Área Metropolitana de Lisboa PT17 
 Alentejo PT18 
 Região Autónoma dos Açores (PT) PT20 
 Região Autónoma da Madeira (PT) PT30 
ROMANIA Nord-Vest RO11 
 Centru RO12 
 Nord-Est RO21 
 36 
 Sud-Est RO22 
 Sud – Muntenia RO31 
 Bucuresti – Ilfov RO32 
 Sud-Vest Oltenia RO41 
 Vest RO42 
SLOVENIA Slovenia Sl0 
SLOVAKIA Slovakia SK0 
FINLAND Manner-Suomi FI1 
 Åland FI2 
SWEDEN  Stockholm SE11 
 Östra Mellansverige SE12 
 Småland med öarna SE21 
 Sydsverige SE22 
 Västsverige SE23 
 Norra Mellansverige SE31 
 Mellersta Norrland SE32 
 Övre Norrland SE33 
ICELAND Iceland IS0 
LIECHTENSTEIN Liechtenstein LI0 
NORWAY Oslo og Akershus (statistical region 2016) NO01 
 Innlandet NO012 
 Sør-Østlandet (statistical region 2016) NO03 
 Agder og Rogaland (statistical region 2016) NO04 
 Vestlandet (statistical region 2016) NO05 
 Trøndelag NO06 
 Nord-Norge NO07 
SWITZERLAND Switzerland CH0 
UK Tees Valley and Durham UKC1 
 Northumberland and Tyne and Wear UKC2 
 Cumbria UKD1 
 Greater Manchester UKD6 
 Lancashire UKD3 
 Cheshire UKD4 
 Merseyside UKD7 
 East Yorkshire and Northern Lincolnshire UKE1 
 North Yorkshire UKE2 
 South Yorkshire UKE3 
 West Yorkshire UKE4 
 Derbyshire and Nottinghamshire UKF1 
 Leicestershire, Rutland and Northamptonshire UKF2 
 Lincolnshire UKF3 
 Herefordshire, Worcestershire and Warwickshire UKG1 
 Shropshire and Staffordshire UKG2 
 West Midlands UKG3 
 East Anglia UKH1 
 Bedfordshire and Hertfordshire UKH2 
 Essex UKH3 
 London UKI 
 Berkshire, Buckinghamshire and Oxfordshire UKJ1 
 Surrey, East and West Sussex UKJ2 
 Hampshire and Isle of Wight UKJ3 
 Kent UKJ4 
 Gloucestershire, Wiltshire and Bristol/Bath area UKK1 
 Dorset and Somerset UKK2 
 Cornwall and Isles of Scilly UKK3 
 Devon UKK4 
 West Wales and The Valleys UKL1 
 East Wales UKL2 
 Eastern Scotland (NUTS 2013) UKM2 
 South Western Scotland (NUTS 2013) UKM3 
 North Eastern Scotland UKM5 
 Highlands and Islands UKM6 




7.2. Appendix B: Methodology tables 
Appendix B presents the outcome tables for the tests included in the methodology section. 
Tables B1 and B2 include the tests on random effects vs OLS model: Breusch-Pagan Lagrangian multiplier 
on both dependent variables. 
 
Table B1 
Breusch and Pagan Lagrangian multiplier test for random effects 
Arrivals [No, t]= Xb + u[No] + e[No, e] 
 Var  SD= sqrt(Var) 
Arrivals  5.45e12 2334406 
e 1.55e11 393668.9 
u 1.36e12 1165258 
Test : Var(u)= 0 
𝜒2̅̅ ̅(1) = 17059.45 
Probability >   𝜒2̅̅ ̅ = 0.0000 
 
Table B2 
Breusch and Pagan Lagrangian multiplier test for random effects 
NA[No, t]= Xb + u[No] + e[No, e] 
 Var  SD= sqrt(Var) 
NA 110.8223 10.52722 
e 4.571398 2.130003 
u 82.01471 9.056198 
Test : Var(u)= 0 
𝜒2̅̅ ̅(1) = 13569.21 
Probability >   𝜒2̅̅ ̅ = 0.0000 
 
 
Table B3 reports the Hausman test on fixed effects and random effects for both dependent variables.  
 
Table B3 
Hausman test for Random effects and fixed effects 
Test H0: Difference in coefficients not systematic 
Arrivals NA 
𝜒2̅̅ ̅(21) = 47.20 𝜒2̅̅ ̅(21) = 197.56 







Table B4 and B5 show the results for the Breusch-Pagan test for heteroskedasticity, table B4 and B5. 
 
Table B4 
Breusch-Pagan/Cook-Weisberg test for heteroskedasticity 
Assumption: Normal error terms 
Variable: Fitted vales of Arrivals  
H0: Constant variance 
 
With variable DHSR With variable HSR_lines 
𝜒2̅̅ ̅(1) = 1510.76 𝜒2̅̅ ̅(1) = 1493.45 
Probability >   𝜒2̅̅ ̅ = 0.0000 Probability >   𝜒2̅̅ ̅ = 0.0000 
 
Table B5 
Breusch-Pagan/Cook-Weisberg test for heteroskedasticity 
Assumption: Normal error terms 
Variable: Fitted vales of NA 
H0: Constant variance 
With variable DHSR With variable HSR_lines 
𝜒2̅̅ ̅(1) = 263.32 𝜒2̅̅ ̅(1) = 253.54.45 
Probability >   𝜒2̅̅ ̅ = 0.0000 Probability >   𝜒2̅̅ ̅ = 0.0000 
 
Table B6 reports the tests for first order autocorrelation, AR(1), on panel data Wooldridge test. 
Table B6 
Wooldridge test for autocorrelation in panel data  
H0: no first-order autocorrelation 
Arrivals  NA 
F(1,33)= 236.180 F(1,33)= 236.180 










7.3. Appendix C: Additional tables from results 
Appendix C presents the outcomes of the regressions not included in the results section.  
First, in table C1, are the additional results for the fixed effects estimations. The regressions are ran with 











































































AR(1) Yes Yes No No 
Clustered SE No No Yes Yes 
R2 overall  0.0922 0.0961 0.4812 0.5047 











In table C2 are included the results for the 2SLS, not mentioned in the text, hence, first stage results for 
the outcomes displayed in table 9.  
 
Table C2: 








tentyear 0.0143482   
(0.0061803)* 
0.0410113   
(0.0155085)** 
tentpop 2.65e-07    
(2.45e-07) 
7.83e-07    
(8.72e-07) 
Establishments 6.93e-07    
(1.14e-06) 
-1.83e-07    
(2.52e-06) 
Pop 3.91e-09   
 (1.11e-07) 
1.08e-06    
(6.72e-07) 
Air -4.97e-06    
(7.18e-06) 
-0.0000105    
(0.0000149) 
l.GDP 2.72e-06    
(1.92e-06) 
8.95e-06    
(6.06e-06) 
l.Unemployment 0.0006806    
(0.0029076) 
0.0061527    
(0.0066505) 
   
Clustered SE Yes Yes 
Note: significance level described with  * p<.05; ** p<.01; *** p<.001 
